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Abstract 
The dump-fields Podlipa and Reiner -(Ag) deposit is situated at the boundary of the 
village settlement. The heavy metal contamination of the technogenous sediments and soils at the investigated dump-
field show irregular planar distribution. Also the heavy metal content in the surface water, drainage water and in the 
groundwater was studied both in the dry as well as during the rainy periods. The speciation of As and Sb showed that 
there are present both As3+, Sb3+ as well as the less toxic As5+ and Sb5+ species. In the sediments prevail As5+ and 
Sb5+ species while in the water is dominant the As3+ and Sb3+ form. The article also presents results of the plant tissue 
degradation study in heavy metal contaminated conditions and compares them with those from reference sites. 
The cementation process causes substitution of iron by copper. The technogenous sediments and the contaminated 
soil of the dump show only very limited acidification potential. The installation of the Fe0-barrier seems 
to an acceptable solution for cleaning of the underground water. 
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1. Introduction 
extensively exploited Cu-mines in Europe. Although mining activities were stopped at the beginning in 
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1915 [1] and only a few geological survey activities with negligible effect have been carried out here 
since that times [2], the area remains substantially affected. The main dump-fields Podlipa and Reiner 
covers about 2 km2  age 
which consists of greywackes, arcoses, schists and conglomerates. The copper content in manually 
graded ore was about 4  10 wt. % and in dump waste material 0.9  2.4 wt. % [2, 3, 4]. 
Mining activity leaves behind a great variety of waste materials, which often contain high 
concentrations of toxic elements [5]. The heavy metals from the ore contaminated the technogenous 
sediments of the dumps, the soil and the surface water, drainage water as well as the groundwater [1, 6, 
7]. However, the release of pollutant metals depends on the metal-retention capability of weathering 
products [8, 9]. Heavy metals from air pollutants can reach plants through pores/water or soil solution 
[10, 11, 12]. Their penetration influences soil-ecological conditions such as soil types, soil pH, 
concentrations and bonds of heavy metals, humus content in soil, oxidative-reductive conditions around 
root system connecting with microbial decomposition of inorganic and organic substances, soil moisture, 
temperature, utilized fertilizers and preparations for the plant protection [7]. 
Natural installation of mine waste dumps by plants is inhibited due to fine-grained soil flushing from 
the slopes and fast draining of rain water from the surface into the basal level of dumps or into the 
impermeable sub-soil by soil-forming substratum. Therefore only several large mine waste dumps 
provide the possibility to enroot to resistant plants in depressions or at local plains after centuries [1]. 
2. Material and methods 
The technogenous sediment and soil samples (of about 10 kg weight) from the dumps and soils from 
15  20 cm depth (the sampling step was 25 m2), surface water (stream water, drainage water, and 
groundwater) were collected in order to characterize components of landscape contamination. To each 
water sample of 1 000 ml in volume, 10 ml of HCl was added. 
The reference site was selected by comparing territories loaded by heavy metals and non-contaminated 
natural environment (Fig. 1). It was situated outside of geochemical anomalies of heavy metals and 
represent graywakes of Permian age similar to material at the dump-field. Samples of plant material were 
collected from the contaminated dumps. 
Vegetation growing at small isles is enrooted in few depressions which have enabled limited soil-
forming process. A selection of plant species was performed so that it could be possible to compare all 
identical plant species from the contaminated planes with plants from the reference sites. The samples of 
hardwood species (Betula pendula, Quercus petraea, Salix fragilis), coniferous species (Pinus sylvestris, 
Abies alba, Picea abies) and herbs (Juncus articulatus, Mentha longifolia) were studied. At every site 
10 individuals of each plant species were sampled to get average samples. Five coniferous individuals 
with approximately the same age were sampled for branches (in case of Picea abies also needles) from 
the fourth or fifth spike with an approximate length of segment from 10 to 15 cm. In the case of Pinus 
sylvestris two years old needles were analyzed. Roots of the same length and with 2  3 cm diameter were 
obtained from the surface soil level. Similar mode of sampling was used at hardwood species: 3  4 years 
old branches were sampled from the lower limbs. The samples were dried at laboratory temperature and 
then homogenized. 
3. Results 
The dump-field technogenous sediments are influenced by heavy metals (Tab. 1) from the 
hydrothermal Cu-mineralisation. The main contaminants are: Cu (up to 20 360 ppm), Fe (up to 2.58 %), 
As (up to 457 ppm), Sb (up to 79.3 ppm) and Zn (up to 80 ppm) are accompanied  also by U (up 
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to 10 ppm) and Th (up to 35 ppm) from the Permian volcano-sedimentary metamorphosed rocks. 
The distribution of the contamination is irregular (Fig. 2). 
The weathering processes of reactive minerals in surrounding and mainly acid rocks mobilize heavy 
metals and toxic elements (e.g. Cu, As) from the primary minerals, form secondary minerals and 
contaminate the landscape components. 
 
Fig. 1. Scheme of the dump-  
3.1. Heavy metals in the water 
The surface water in the creek draining the valley along the dump-field is gradually contaminated by 
heavy metals leaching from the technogenous sediments of the mining dumps. The drainage water 
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contains relatively high Cu (up to 2060 μg.l-1), Fe (up to 584 μg.l-1), Zn (up to 35 μg.l-1) and sometimes 
also Co (up to 10 μg.l-1) and Pb (up to 5 μg.l-1) concentrations. The highest As concentration is 6.11 μg.l-1 
(Tab. 2). 
 
Table 1. ICP-MS analyses of technogenous sediments and soils from the dump-field 
Sample 
Cu Pb Zn Ni Co As Sb Bi U 
ppm 
A-1 2829 28.1 14 36.8 10.4 162 61.6 2.8 1.3 
A-1c 1693 63.8 18 36.0 11.3 258 60.1 4.5 1.4 
A-1c* 2345 229.1 95 71.8 18.3 628 153.2 14.6 3.3 
A-2 198.8 13.0 21 9.8 5.9 10 7.1 0.2 1.4 
A-2c 574.3 22.4 36 12.2 10.3 19 9.2 1.4 1.1 
A-2c* 472.4 27.9 62 17.0 6.4 15 12.6 1.5 1.1 
A-3 827.5 16.0 20 32.1 14.0 71 22.4 8.5 1.7 
A-3c 624.2 23.1 25 28.3 17.0 110 24.0 7.2 1.8 
A-3c* 857.4 37.4 47 30.4 11.0 105 28.0 12.1 1.9 
A-4 4471 9.6 23 55.0 50.0 169 59.5 23.7 1.6 
A-4c 3324 14.9 16 42.4 58.3 237 79.3 39.2 1.7 
A-4c* 3112 37.8 27 64.4 32.1 300 129.8 90.9 2.2 
A-5 3150 16.9 19 34.0 24.4 60 17.2 1.7 1.0 
A-5c 3001 14.8 18 34.1 30.4 64 16.3 2.1 1.2 
A-5c* 2078 21.9 45 55.4 29.6 105 30.3 3.2 1.4 
A-6 4797 15.6 13 51.6 41.8 134 49.8 25.4 1.4 
A-6c 2503 24.6 14 45.1 40.9 224 56.2 24.4 1.6 
A-6c* 2918 72.3 65 61.7 32.0 305 92.3 51.7 2.2 
A-7 755.8 16.8 26 10.4 10.2 16 11.5 0.9 1.1 
A-7c 855.1 20.2 33 10.1 12.0 17 7.1 1.2 1.1 
A-7c* 2026 73.7 176 26.0 15.5 33 17.4 3.6 2.3 
A-8 716.0 6.5 7 58.0 89.9 61 17.9 0.5 2.6 
A-8c 835.5 6.3 14 66.5 69.7 52 20.2 0.7 2.5 
A-8c* 836.7 4.2 4 62.5 104.5 46 18.9 0.8 2.1 
A-9 5903 29.5 24 39.8 36.0 244 37.0 15.1 2.7 
A-10 7699 30.2 19 52.2 48.0 457 62.7 25.1 4.0 
A-11 1563 24.8 37 19.0 8.7 16 14.9 4.8 1.7 
A-12 113.1 39.4 29 8.9 8.6 16 5.6 0.7 1.4 
A-17 14 440 8.4 59 51.7 73.4 289 43.2 7.2 2.3 
A-17c 20 360 49.0 80 43.0 70.0 260 40.0 6.0 2.0 
A-17c* 23 060 60.0 50 58.0 83.0 280 34.0 5.0 1.0 
 
Explanations: A-1 to A-11  technogenous sediments and soils from the dump-field, A-12 reference area, A-17 hydrogoethite, A-1c 
to A-17c clay fraction, A-1* to A-17* - clay fraction after 14 days maceration in drainage water, containing heavy metals. 
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Fig. 2a  and Reiner dump-fields. The number indexes on the 
isolines represent the concentration in %. 
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etová Podlipa and Reiner dump-fields. The number indexes on the 
isolines represent the concentration in %. 
Table 2. Atom absorption spectrometric analyses of surface water. 
Sample pH Eh (mV) 
Mn Zn Cd Co Cu Fe Ni Pb Sb As 
μg.l-1 
V-1a 6.5 -6 <1 <10 0.04 1.1 2.2 26 4.1 4.2 0.74 <1.0 
V-1b 7.5 -58 <1 <10 0.05 2.2 2.7 73 5.9 4.3 <1.00 <1.0 
V-1c 6.5 -8 11 <10 <0.05 <1.0 5.1 94 1.2 <1.0 1,03 <1.0 
V-2b 6.7 -14 <1 <10 0.13 <1.0 42.1 584 2.1 3.0 <1.00 1.69 
V-2c 6.9 -21 <1 <10 0.09 <1.0 38.2 580 1.6 2.9 <1.00 1.54 
V-3a 6.7 -12 <1 30 0.04 7.0 1 810 86 3.2 2.2 1.12 <1.00 
V-3b 6.1 14 <1 40 0.05 9.6 2 060 101 4.9 2.8 1.88 3.41 
V-3c 6.5 0 21 <10 <.05 7.6 1 980 45 8.5 2.8 2.35 1.14 
V-4a 6.7 -14 <1 <10 0.06 3.1 22.2 263 2.1 4.2 1.72 <1.0 
V-4b 6.2 14 <1 <10 0.06 8.1 1 850 274 5.6 3.6 1.57 1.21 
V-5a 6.2 -11 <1 <10 0.06 5.5 6.0 170 6.0 4.8 1.66 2.79 
V5b 6.3 -8 7 20 0.08 8.3 7.9 210 7.1 5.1 2.21 3.21 
V-5d 6.2 -7 4 30 0.07 6.6 8.1 160 8.1 1.0 2.00 1.08 
V-6a 7.6 -62 <1 30 0.07 1.9 30.4 270 4.3 3.2 2.00 6.02 
V-6b 7.1 -62 <1 32 0.07 2.2 34.8 263 5.0 3.4 2.01 6.11 
 
Explanations  -  - dry period 
(February  - rainy period (March 31st 2008), sample  - dry 
period (May 27th 2008). 
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The heavy metal content in the water is in most cases higher during dry periods than during rainy 
periods (Fig. 3). The As content both in the surface (and drainage) water as well as in the groundwater is 
not high (6.11 μg.l-1; Tab. 3). The presence of Acidithiobacteria or of sulphate reducing bacteria was not 
proved. The acidity both of the surface and of groundwater is close to neutral pH (6.4  7.6; Fig. 4).  
 
 
 
 
 
 
 
 
 
Fig. 3. Comparison of Fe, Cu, As and Cd contents during dry and rainy seasons 
The most contaminated is the mineral water from the spring Linhart (Fig. 1). Its total radioactivity is 
6.498 Bq.l-1 and the Fe (380 μg.l-1), Cu (181 μg.l-1), Pb (1 μg.l-1) and Cd (82.0 μg.l-1) contents (Tab. 3) 
exceed the Slovak decrees No. 296/2005, No. 354/2006 Coll. 
 
Table 3. Atom absorption spectrometric analyses of groundwater (samples G-1, G-2 and G-3) and mineral water (sample G-4) 
 
Sample 
 
pH 
Eh 
(mV) 
Fe Ni Mn Zn Cu Cd Pb Bi As Sb 
μg.l-1 
G-1a 6.55 -4 11 1.1 <5 <10 22.0 <0.05 <1.1 1.36 <1 <1.0 
G-1b 6.63 -10 17 1.2 <5 <10 1.3 <0.05 1.9 1.55 <1 <1.0 
G-2a 6.72 -14 366 1.3 18 <10 3.0 <0.05 1.3 <1.00 <1 <1.0 
G-2b 6.23 -16 210 1.5 8 <10 2.2 <0.05 <1.0 <1.00 <1 <1.0 
G-3a 6.85 -21 146 <1.0 15 61.0 14.0 0.13 3.4 <1.00 5 1.42 
G-3b 6.55 -23 120 <1.0 17 350.0 5.9 0.1 3.3 <1.00 1.52 1.21 
G-4a 6.40 +4 380 5.0 20 <10 30.0 0.5 <1.0 <1.00 1.98 <1.0 
G-4b 6.48 -2 2 260 <1.0 55 <10 181 82.0 <1.0 <1.00 2.52 <1.0 
 
Explanations: a  sampled on March 31st 2008 during the rainy period; b  sampled on May 27th 2008 during the dry period. 
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Fig. 4. Surrounding of and Reiner dump-fields. 
It was found that cementation process is present but not fast. In spite of the limited kinetics of the 
process, the electron microprobe study proved that the cementation causes, on the surface of iron, a 
gradual displacement of Fe2+ ions and precipitation of Cu2+ ions, both in form of Cu-oxides, Cu 
carbonates and in form of native copper. The electron microprobe study show that the cementation copper 
is of a high fineness. The electron microprobe point analyses proved Cu-contents up to 96.07 wt. %. 
The speciation of As (Fig. 5 A, B) and Sb (Fig. 6) showed that there are present both As3+, Sb3+ and 
the less toxic As5+ and Sb5+ species. In the sediments prevail As5+ and Sb5+ species whereas in the water 
are dominant the As3+ and Sb3+ forms. As is present in the water mainly in the forms H2AsO4-, HAsO42- 
and HAsO20 [16], whereas As3+ is much more mobile than As5+ [17] in weathering oxidation zone. The 
high As content in the water is at the studied locality controlled by tetrahedrite (and arsenopyrite) 
decomposition and by As sorption on amorphous Fe oxides and oxyhydroxides, on clay minerals and 
hydrogoethite [1].  
Antimony is according to Vink [20] in supergenous oxidic conditions mobile and it has very similar 
behaviour as arsenic. Determination of antimony speciation enables pH-Eh stability diagrams elaborated 
by Vink [20]. Part of the anthropogenic sediment samples and soils are in the stability field of SbO3- 
water solution, the second part in senarmontite stability field (Fig. 6). In underground water, antimony is 
mainly present in the form Sb4O6. Only in one single sample we can find antimony in the form of 
elementary Sb0 and Eh as well as pH values of one sample are at plot on the border between water 
solution and stibnite  Sb2S3 (Fig. 6). Also in surface water the dominant form of antimony is Sb4O6. 
Forms SbO3- and elementary Sb0 are very rare (Fig. 6).  
Using Fe-S-K-O-H plot for pH-Eh stability fields [21,22], we can see that the Fe speciation 
corresponds with the transitive zone between stability fields of schwertmannite - Fe3+16[O16|(OH)9-
12(SO4)3.5-2] and ferrihydrite - 5Fe2O3.9H2O mineral phases (Fig. 7). 
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Fig. 5. pH-Eh stability plot of As-H2O-S system; (a) according Ryu et al. [18]; (b) according Ferguson and Gavis [19] 
Only data of one single sample are situated on the border between stability field of ferrihydrite 
and goethite [Fe-oxo-hydroxide - FeO(OH)] and next two samples are shifted to the field of Fe water 
solution or to the border with the field of schwertmannite. 
Fe is both in groundwater and in surface water samples situated in goethite and pyrite stability fields. 
Two samples of surface water are on the border of goethite-ferrihydrite fields (Fig. 7). 
 
 
 
Fig. 6. pH-Eh plot of Sb species stability fields according to 
Vink [20] 
Fig. 7. pH-Eh stability fields in Fe-S-K-O-H system [21, 22] 
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3.2. Natural sorbents 
The natural sorbents were studied to secure efficient landscape remediation. The most important 
possible natural sorbents at the studied locality are clay minerals and hydrogoethite. X-ray diffraction 
analyse of the clay fraction showed that it consists of illite and muscovite mixture, of caolinite, minerals 
of the smectite group and of chlorite group. Within the studied samples, the dominant clay minerals are 
illite and muscovite. The second most important clay mineral is smectite. 
The present study showed that the best sorbent is hydrogoethite (Tab. 1, sample A-17) but its 
occurrence at the dump-field is very limited. In most cases also clay minerals show good sorption 
property. These minerals form at the locality the natural geochemical barrier which enables precipitation 
of heavy metals and their fixation on clay minerals surface. 
Preferential sorption of Cr and Th on surface of clay minerals in comparison with hydroghoethite was 
described. On hydrogoethite surface are preferentially fixed Cu, Zn (  Fe, Cd, Co). The following 
elements: Sb, Sn, Pb, Ag, Ni, As and U show no legible trends of preferred sorption both on clay minerals 
and on hydrogoethite rich rock (Tab. 1). 
The following heavy metals: Fe, As, Sb, Ag, Pb, Zn, Bi and U show not only good sorption efficiency 
on clay minerals but also free sorption capacity of the clay fraction. Opposite trend  lower heavy metal 
content in clay component in comparison with the sediment and metal elements washing during 
maceration was proved in case of Th and Cu. Co shows moderate increase of content in clay minerals but 
no free sorption capacity was proved. Cd, Ni, Co, V and Cr behaviours are very complex (Tab. 1). 
Cd, Ni and V are preferentially fixed in sediments, lower Cd, Ni and V contents are in clay fraction but 
the clay mineral mixture proved a good ability to fix the mentioned heavy metals (Cd, Ni and V) on their 
surface. The probable reason of this behaviour is the fact, that the Cd, Ni and V majority is bound in the 
solid phase and only hardly they give soluble forms; as a consequence of this behaviour, the autochtonous 
clay minerals are insufficiently saturated by V in weathering process. The same trend was described for 
Cd, Ni, V and Co in case of hydrogoethite. The Cr behaviour is very similar, only with this difference that 
whereas V concentrations are higher in macerated clay than in the original sediment, Cr concentrations 
are the highest in the original sediment. The most complex relations were recognized in the case of Co 
(Tab. 1). 
In the very most cases, heavy metals were sorpted on the clay minerals surface after 14 days 
maceration of the clay fraction in the drainage water. This result proved that the clay minerals dispose by 
free sorption capacity (Tab. 1). For the not numerous exceptions, as e.g. the decrease of the As content in 
samples A-2, A-3 or A-8, eventual decrease of the Mn content in samples A-2 to A-6, we have no 
relevant explanation at the present state of the investigation.  
Differences in sorption capacity among individual clay mineral mixtures were not proved. It could be 
probably caused by the fact that the matrix of each clay fraction mainly consists of illite and muscovite. 
muscovite, is not enough important to show substantially higher sorption efficiency. 
3.3. The total acid potential of the dump-field and the possibility of remediation 
If distilled water is used in the measurement of paste or rinse pH of sediments or soils, its pH is 
usually around 5.3. pH values less than 5.0 indicates that the sample contains net acidity at the time of 
analyze [14].  
Values of paste pH between 5.0 and 10.0 can be considered near neutral at the time of the analysis. 
From the viewpoint of this study, only two samples (A-3 and A-12) account acid values (Tab. 4). It is 
interesting that one of these samples was taken from the reference area. The reason of such a behavior is 
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the lack of carbonates (Tab. 4). The map of the soil and sediment acidity at the central part of Podlipa and 
Reiner dump-fields is presented at Fig. 8. 
 
 
 
Fig. 8. Map of the sediments acidity in the central part of the dump-field (the numbers show the pH value) 
The measurement of the pH paste in the samples using solution of 1M KCl gives similar values. It 
means that only several few samples show markedly acid reaction (Tab. 4). 
 
Fig. 9 Fe+3  SO4-2  H2O activity plot describe stability of solid phases for following conditions: Fe+3  = 1.9136e-02 a SO4-2  = 
2,5259e-02; a) pHH2O vs. EhH2O, b) pHKCl vs. EhKCl (according to Bethke [24]). 
pH (H2O) pH (KCl) 
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The Fe+3  SO4-2  H2O activity plot (fig. 9a, b) of solid phases stability fields, both for pHH2O and 
pHKCl, indicates that Fe is in technogenous sediments and soil of dump-fields is present only in sulphate 
form as FeSO4 phase. Fe in sulphide form is only present in not weathered grains (splinters) of rocks and 
ore minerals. These grains are no table dissolved during 60 minutes of analytical procedure and cannot 
influence pH and Eh. 
The total acid potential (TAP) was calculated according to Morin and Hutt [13]:  
 
TAP = (% Stot.) × 31.25 (1) 
where TAP is provided in any of three equivalent units: kg CaCO3, equivalent/metric tone (t) of 
sample, t CaCO3 equivalent/1000 t of sample, or parts per thousand (ppt) CaCO3 equivalent. 
The TAP values from the dump-fields Podlipa and Reiner range between 0.625 in samples A-12 
(reference area) and A-2 to 13.125 in sample A-6 (Tab. 5). 
 
Table 4. Paste and rinse pH (H2O and 1M KCl), sulphur and carbon contents in samples of technogenous sediments and soils 
 
Table 5. Total acid potential of the sediment and soil samples 
 
Sample A-1 A-2 A-3 A-4 A-5 A-6 A-7 A-8 A-9 A-10 A-11 A-12 
TAP (kg.t-1) 7.813 0.625 3.125 10.313 1.563 13.125 0.938 0.313 0.938 1.25 3.438 0.625 
 
If we compare the highest TAP value for sample A-6 with the data about the sulphur content, we can 
demonstrate that both the highest sulphide and sulphate sulphur contents were described from this 
sample, which represents the sedimentary material from Empfängnis adit. The highest TAP value is also 
the consequence of the relatively low carbon content. 
The ability of the drainage water to precipitate cementation copper on the iron surface (Fig. 10 a, b) 
makes possible to realize a Fe0-barrier for elimination of heavy metals (Cu, As, Cd, Zn and others) from 
the contamined water. Mixture of Fe chips with dolomite also allowed to eliminate the released Fe (Fig. 
10 a). 
 
Sample 
H2O 1M KCl % 
pH Eh pH Eh Stot. SSO4 Ss Ctot. Corg. Cinorg. CO2 CaCO3 
A-1 5.14 77 4.61 109 0.25 0.10 0.15 0.74 0.20 0.54 1.97 4.48 
A-2 5.89 34 5.40 63 0.02 0.01 0.01 0.86 0.38 0.48 1.75 3.99 
A-3 4.87 94 4.21 131 0.10 0.03 0.07 0.62 0.34 0.28 1.02 2.32 
A-4 5.46 59 5.33 66 0.33 0.13 0.01 0.34 0.26 0.08 0.29 0.66 
A-5 5.77 42 5.37 64 0.05 0.01 0.05 0.78 0.35 0.43 1.57 3.57 
A-6 5.17 74 5.06 83 0.42 0.15 0.27 0.40 0.27 0.13 0.47 1.08 
A-7 7.93 -84 7.34 -58 0.03 0.02 0.01 1.63 0.10 1.53 5.61 12.71 
A-8 5.42 36 5.22 42 0.01 0.01 0.01 0.45 0.13 0.32 1.17 2.66 
A-9 5.03 83 5.01 85 0.03 0.03 0.01 0.40 0.37 tr. tr. tr. 
A-10 5.25 71 5.14 78 0.04 0.02 0.02 0.48 0.46 tr. tr. tr. 
A-11 6.11 22 5.95 30 0.11 0.04 0.07 4.31 4.18 0.13 0.47 1.08 
A-12 4.21 133 3.47 173 0.02 0.01 0.02 4.05 4.03 tr. tr. tr. 
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Fig. 10 (a) Experimental removing of Fe, Cu, As, Cd and Zn from the water using Fe0-barrier (iron chips mixed with dolomite);  
(b) pH changes during the experiment  
Table 6. Analyses of plant tissues from dump-field  
Plant Sample part 
Fe Cu Zn Pb Ag Cd Ni Co As Sb 
ppm 
Betula 
pendula LB-7 
a 91.7 7.1 16.80 24.1 0.02 0.08 5.80 0.90 2.14 2.90 
b 158.5 6.6 16.70 18.6 2.90 0.04 3.50 0.70 1.50 0.30 
b2 308.9 8.6 71.30 75.6 16.90 0.15 10.70 6.70 0.50 0.10 
c 380.0 25.3 35.40 3.8 8.20 0.08 10.90 3.40 1.29 0.14 
Quercus 
petraea LB-100 
a 274.6 9.2 59.00 57.1 40.10 0.10 11.80 3.50 0.50 0.25 
b 204.1 0.0 41.70 4.7 2.04 0.10 4.70 1.00 0.64 0.09 
c 85.2 8.1 10.30 28.6 30.30 0.06 3.70 1.00 0.77 0.11 
d 210.0 6.5 14.60 17.1 0.02 0.05 3.00 1.10 0.37 0.07 
Pinus 
sylvestris LB-103 
a 156.8 28.1 15.00 14.5 0.70 0.03 2.70 2.30 0.42 0.50 
b 164.6 2.9 15.70 32.2 3.04 0.03 2.50 1.30 0.56 0.13 
b2 143.0 0.0 16.70 20.5 0.10 0.03 2.30 1.10 0.62 0.11 
c 148.5 59.9 44.30 38.3 8.00 0.10 4.90 2.50 0.15 0.04 
d 95.4 6.8 12.80 15.2 0.04 0.03 2.70 1.60 0.41 0.10 
Picea 
abies LB-14 
a 221.8 7.5 32.40 38.6 0.07 0.07 6.10 6.10 3.14 0.53 
b 158.2 12.1 16.05 2.0 0.82 0.04 9.20 0.80 0.59 0.12 
b2 - - - - - - - - 0.19 0.12 
c 134.1 10.1 14.60 1.9 0.70 0.03 9.20 0.80 0.85 0.19 
Abies alba LB-8 
a 125.2 10.8 22.14 15.4 3.10 0.06 6.20 1.25 0.49 0.96 
b 221.6 8.0 27.70 15.5 1.40 0.05 5.40 1.80 1.34 0.34 
c 73.2 8.7 8.70 31.5 20.80 0.04 5.42 1.60 2.24 1.14 
Juncus 
articu-
latus 
LB-1 
a 358.0 37.2 85.10 51.4 225.1 0.20 10.20 8.70 19.70 1.52 
b 209.4 70.1 33.20 37.9 4.70 0.10 4.90 2.60 1.40 1.67 
c 208.0 68.3 32.01 35.9 4.00 0.10 4.92 2.55 1.28 1.60 
d - - - - - - - - 3.64 0.44 
Mentha 
longifolia LB-112 
a 246.0 100.4 23.30 16.0 0.20 0.06 4.70 1.20 0.57 0.21 
b 89.4 14.3 13.10 11.4 0.04 0.04 2.40 0.50 0.05 0.08 
c 593.6 173.3 38.30 41.2 2.40 0.10 7.60 3.30 0.76 0.26 
d - - - - - - - - 1.44 2.07 
Salix 
fragilis LB-2 
a 415.6 63.5 84.00 6.0 0.20 0.20 13.00 9.70 2.84 0.21 
b 131.3 0.0 20.80 6.3 5.30 0.05 3.70 0.60 0.26 0.15 
c 565.9 0.0 74.10 98.6 0.80 0.20 21.00 6.20 0.52 0.11 
Acetosella 
vulgaris LB-13 
a 184.0 133.7 22.30 4.6 0.30 0.06 9.40 5.7 17.31 3.46 
b 176.8 72.9 31.10 23.1 7.40 0.08 12.00 7.70 13.08 3.30 
c 701.0 46.5 185.80 135.1 0.38 0.42 36.30 25.60 12.97 3.27 
 
Explanations for part to tabs. 6 and 7: a  roots; b  live branches and stems; b2  dead branches; c  leaves and needles; d  flowers and 
fruits  
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3.4. Plant contamination by heavy metals 
The plants adapted to the specific conditions of the different zones of the studied area show a different level 
in contamination of individual tissues (roots, branches/stems, leaves/needles or in flowers/fruits). The article 
also presents results of degradation study of plant tissues in heavy metal contaminated conditions and compares 
them with those from reference sites. 
The knowledge of heavy metals content in plants is important from the point of food cycle contamination. 
The intensity of plant contamination by heavy metals is necessary to critize depending up plant species. The 
contents of the heavy metals in plant tissues decrease in the following rank: Fe, Zn, Pb a Cu. The 
comparison of additive concentrations of heavy metals in individual types of plant tissues (roots, 
branchess/stems and leaves/needles) was realised to obtain more complex contamination models of the 
plant tissues. The comparison was performed with the following wood species and herbs: Betula pendula, 
Quercus petraea, Picea abies, Abies alba, Pinus sylvestris, Juncus articulatus, Mentha longifolia. The 
study showed that the highest concentrations in Fe, Pb, As, Sb and Zn were determined in root system. 
Cu contaminates leaves and needles in preference. Fe probably enters leaves and needles up to certain 
concentration level in preference. When this concentration level is exceeded, Fe accumulates in root 
system after it cannot enter leaves and needles. The contamination of plant tissues, of live and dead 
branches was compared in several plants from the dump-field (Betula pendula, Pinus sylvestris, Picea 
abies) and reference site (Betula pendula, Quercus petraea) (Tabs. 6 and 7). 
 
Table 7. Analyses of plant tissues from the reference site 
Plant Sample Part Fe Cu Zn Pb Ag Cd Ni Co As Sb ppm 
Betula 
pendula LB-10 
a 192.0 2.0 27.10 19.20 0.02 0.06 5.10 2.30 0.31 0.20 
b 107.7 3.5 16.90 14.80 1.30 0.02 3.00 7.70 0.12 0.27 
b2 108.8 5.6 41.30 75.60 1.90 0.12 1.70 6.70 0.20 0.05 
c 209.0 6.9 25.50 3.10 5.40 0.07 4.70 1.80 0.14 0.04 
Quercus 
petraea LB-9 
a 174.2 4.2 32.00 31.10 0.08 0.06 7.82 1.53 0.35 0.19 
b 67.1 0.0 25.40 2.00 0.02 0.04 3.40 1.80 0.06 0.04 
b2 158.6 3.2 36.30 30.40 0.20 0.06 3.80 1.00 0.63 0.07 
c 123.2 3.1 27.50 22.20 0.05 0.03 2.80 1.30 0.16 0.09 
Pinus 
sylvestris 
LB-
101 
a 111.1 8.1 10.20 10.80 0.05 0.02 2.00 2.00 0.16 0.51 
b 84.0 0.0 12.80 11.40 1.20 0.02 2.20 0.30 0.04 0.03 
c 136.8 6.6 22.90 17.00 0.10 0.06 4.50 1.30 0.13 0.06 
Picea 
abies 
LB-
102 
a 121.6 4.5 22.40 28.60 0.04 0.05 4.11 4.10 0.33 0.52 
b 95.2 8.1 10.20 1.15 0.55 0.60 7.10 5.10 0.07 0.06 
c 90.8 7.4 10.01 1.11 0.48 0.52 7.00 4.20 0.17 0.08 
d 84.1 2.1 8.63 0.98 0.60 0.02 8.20 0.70 0.57 0.16 
Abies alba LB-113 
a 98.1 3.4 19.70 10.00 0.80 0.04 5.13 1.11 0.39 1.20 
b 112.8 4.6 20.00 11.80 0.80 0.04 4.30 1.40 0.07 0.03 
c 41.7 3.0 17.20 22.40 3.50 0.03 4.90 0.70 0.15 0.11 
Juncus 
articu-
latus 
LB-
114 
a 199.5 34.1 39.50 4.30 0.20 0.08 5.10 1.00 0.59 0.18 
b 103.2 8.8 42.90 15.40 0.50 0.05 3.00 1.30 0.16 0.07 
c 100.4 8.0 38.12 15.41 0.49 0.03 2.99 1.30 0.17 0.05 
d - - - - - - - - 0.31 0.06 
Mentha 
longi- 
folia 
LB-
101 
a 246.0 100.4 23.30 16.00 0.20 0.06 4.70 1.20 0.57 0.21 
b 89.4 14.3 12.10 11.40 0.04 0.04 2.40 0.50 0.05 0.08 
c 593.6 173.3 38.30 41.20 2.40 0.10 7.60 3.30 0.76 0.26 
d - - - - - - - - 1.44 2.07 
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3.5. Plant tissue defects  
Plants at the mine waste dumps have lack of organic nutrients and moisture besides higher 
concentrations of heavy metals. They mainly populate depressions or weathered parts of the dumps. 
Permanent plants prevail at the old mine waste dumps (e.g. Agrostis capillaris, Acetosella vulgaris). 
Diversity of annual and biennial plants is very low. Changes in pH and in oxidative-reductive potential 
affect release and precipitation of heavy metals. It causes the heavy metals transfer into the bottom 
sediments, solution or soil/rock environment. Bowen [25] states that Ag, As, Cd, Cu, Pb, Sb and Zn 
metals tend to accumulate in the upper soil horizon due to vegetation recycling, atmospheric deposition 
and adsorption by organic mass. Fe, Co and Ni metals usually accumulate in higher concentrations in 
dislocated clay minerals and autigene sesquioxides in lower horizon of the soil profile enriched in clay 
and oxyhydroxide components. Year shoots in live branches of Betula pendula and Pinus sylvestris (Fig. 
11) from the dump- shoots from the reference area). 
 
Fig. 11. Comparison of the current year shoots in analysed samples of the Pinus sylvestris from the dump-field: 1  living branch, 2 
 dead branch and from reference site: 3  living branch, 4  dead branch. 
Anomalous cell-wall exfoliation (Fig. 12) and coarsening, occurrence of calluses, zonal occurrence of 
thick-walled fibres (Fig. 13), formation of traumatic resin canals and numerous hyphae in vessels (Fig. 
14) as well as the absence of cell-wall coarsening (Fig. 15), suggest defense mechanism of plants which 
are exposed to stress factors at the dump-field such as contamination by heavy metals, soil and moisture 
deficiency, movement of incohesive material down to slope. Plant contamination by Fe causes atrophy of 
plant tops and root coarsening. It has been observed by Picea abies, where the deformation of tree tops 
t contamination by Cu causes formation of 
dead stains on lower leaves at stem, purple and violet stem coloring (Acetosella vulgaris), atrophy of the 
root system and leaf chlorosis with green veining. When flora is loaded by Zn, it causes the abundant 
occurrence of plants with leaf chlorosis with green veining (Picea abies, Betula pendula), dead stains on 
leaf-tips (Acetosella vulgaris) and rudimentary root system (Picea abies). When plants are loaded by Ni 
and Co, it causes the formation of white stains. White stains were described by Salix fragilis. Plants 
receive Cd mostly by roots in Cd2+ form by diffusion due to metal chelation by organic acids secreted by 
plant root system. The highest Cd contents are in roots, lower in leaves and then in stems and fruits. The 
lowest Cd contents are in seeds. Higher Cd contents cause several diseases such as leaf chlorosis, root 
darkening and formation of violet-brown stains on leaves. Diseases have been observed at the studied locality 
by Picea abies (needle chlorosis), Quercus petraea (root darkening), Acetosella vulgaris (formation of violet-
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brown stains on leaves). Shedding of leaves and needles is frequently present as well. Lack of Cd causes 
increase in biomass formation. High Cd content causes unproportional growth of leaves and roots, cell 
extension and stagnation of cell division. For instance, needle length is ultra small by Pinus sylvestris (2 cm) at 
the mine waste dumps. 
 
 
Fig. 12.  Pinus sylvestris:  exfoliation of summer tracheide cell-
wall layers 
Fig. 13. Betula pendula: zonal occurrence of thick-walled fibres. 
 
 
 
Fig. 14. Betula pendula: (a)  scalar perforation in vessels       
(b)  hyphaes  
Fig. 15. Pinus sylvestris: absence of the cell-wall coarsening. 
4. Discussion 
The heavy metal pollution of country components in the surrounding of abandoned Cu deposits was studied 
by numerous authors [26 - 29]. Heavy metal distribution at the investigated dump-
the geochemical behaviour of the elements, depending on their content, solubility, migration potential 
and sorption properties [8]. Hydrolysable metals (e.g., Ni, Cd) or metals forming insoluble precipitates with S 
or P on entering the soil in soluble forms may be expected to be rapidly insolubilised at the near neutral pH of 
most soils due to hydrolysis on dilution and subsequent precipitation on, or reaction with particle surfaces. 
19
 Peter András´  et al. /  Procedia Environmental Sciences  14 ( 2012 )  3 – 21 
Certain elements (e.g. Fe) may also form precipitates with S or P [30, 31]. The soil physicochemical 
parameters, most important in influencing the solubility of metals include: composition of solution, Eh, and 
pH; type and density of charge on soil colloids; and reactive surface area [31]. The speciation of As and Sb 
showed that there are present  both As3+, Sb3+ and the less toxic As5+, Sb5+ species. In the sediments 
prevail As5+ and Sb5+ species. Transport of As and Sb in waters may be as acidic or basic oxyions 
H2AsO4-, HAsO42- and HAsO20 or SbO3- and SbO2- under mildly oxidising conditions [16, 17]. Under 
reducing, near-neutral to more alkaline conditions, transport of a sulphide complex such as Sb2S42- is 
possible. By far the bulk of the stability field of water is covered by solid Sb-species (Sb2S3, Sb(OH)3, 
Sb2O4, Sb2O5), thus suggesting that Sb transport must take place at moderately low Eh values. The results 
of the research document the plant defense reactions under the influence of stress factors at the dump sites 
(absence of soil and water, the heavy metal contamination, mobility of the cohesionless slope material). 
The highest concentrations of the heavy metals are in roots, than in leaves and stems and the lowest 
concentrations are in flowers, seeds and in fruits. Different mechanisms have been proposed to explain 
the tolerance of plants to toxic heavy metals [32]. Some tolerant plant species, the so-called excluders, 
use exclusion mechanisms by which uptake and/or root-to-shoot transport of heavy metals are restricted. 
The heavy metal content in indicators reflect the heavy metal concentration in soil. In accumulators are 
the heavy metals concentrated mainly in leaves and vacuolas. The hyperaccumulators are able 
accumulate heavy metals mainly in their elevated parts (steems, leaves, needles etc.) [33].  Most of the 
plants described on studied dump-fields could be considered as indicators or excluders (Salix fragilis, 
Juncus articulatus). Accumulators and hyperaccumulators are e. g. Acetosella vulgaris (for Zn, Co and 
Ni) and Mentha longifolia (for Zn, Pb, Ag and Co). Sorption capacities of clay minerals, hydrogoethite 
and Fe-oxyhydroxides are very high for As (up to 76 mg As.g-1 in Fe oxyhydroxides at pH 5). The sorption of 
the less toxic As5+ on clay minerals is much more efficient and quantitative in comparison with more toxic 
As3+. As3+ is oxidised to As5+ during this process [34]. Th contents in clay minerals are lower than in the 
sediment and after maceration is Th washed out from the clays.  This trend is noticeable because U is 
generally considered to be more mobile as Th. The better mobility of U 
that the content of Th in soil is several times higher than the content of U, while in plants [1] Is the Th/U 
rate in consequence of better U mobility approximately identical (about 1 : 1). Acidity is mainly up to the 
geochemical behaviour (weathering) of particular minerals (mainly pyrite). The calculation of the acid 
mine drainage water (AMD) formation potential (neutralisation potential, total acidity production, net 
neutralisation potential) is also discussed. The value of the net neutralisation potential (NPP) and the NP : 
AP ratio show that the potential of the acid mine drainage water formation is very limited (NPP = 1.42; 
NP : AP = 1.72) and the environmental risk is negligible. 
that in 5 cases among 12 studied samples, are the NNP values negative (neutralisation matter is entirely 
absent) and two values (samples A-3 and A-11) are very low (7.4 and 20.1; tab. 4). NNP values from -20 
to 20 (kg CaCO3.t-1 of scale of uncertainty  sensu US EPA 
methodics [in 35] from viewpoint of the acidity production, because there is no unambiguous forecast if 
the AMD will be produced. In spite of this fact results of our study suggest that at Podlipa and Reiner is 
the assumption of AMD production very limited. Mobility of the majority of heavy metals is in the nature 
mostly determined by their sorption ability on natural sorbents, which are mainly represented by clay 
minerals [36, 37]. Kaolinite has been used as a good sorbent for most heavy metals [38]. Cu, Pb, Zn 
and Cd show favourable sorption on smectite and Pb also on illite surface [38, 39]. The uptake of Pb and 
Cu on illite and smectite is usually very fast. Kinetics of Zn, Ni and Cd sorption on illite and smectite are 
not so efficient. Mg, Fe and Al sorption on clay minerals is more efficient at higher pH. It is caused by 
absence of free H+ ions and by increase of negative charge on clay minerals surface [40]. pH(H2O) of the 
technogenous sediments at Podlipa and Reiner dump-fields ranges from 4,21 to 7,93 (pH(KCl) 4.00  7.34), 
thus conditions for Cu, Pb, Zn and Cd adsorption on clay minerals are not the best but also not inefficient.  
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5. Conclusion 
The investigation proved that even after many decades from the end of the ore exploitation represent 
the dump-fields environmental risk. The soil and technogenous sediments contamination is very irregular. 
The surface water (and drainage water) as well as the groundwater water are substantially contamined 
predominantly by Cu, Fe, As and Sb. The content of the most dangerous contaminantes: As3+, As5+, Sb3+ 
and Sb5+ don't pose acute risk. The only risk poses the spring of the mineral water Linhart because of the 
high radioactivity and high Fe, Cu, Cd and Pb contents. The present natural sorbents are predominantly 
the clay minerals and hydrogoethite. In the case of the Fe, As, Sb, Ag, Pb, Zn, Mn, Mo, Bi, U was proved 
also their free sorption capacity. Only very few sediment or soil samples show markedly acid reaction 
(pH <5.0). The acidity production (AP) value is in average 3.7 and the neutralisation potential (NP) cca 
27.1 kg.t-1 CaCO3. The value of the net neutralisation potential (NNP = 1.42) and the NP/AP ratio 1.72 
show that the potential of the acid mine drainage water formation is very limited and the environmental 
risk is negligible. The plant tissues from the dump-field are heavily damaged. The results of the research 
document the plant defense reactions under the influence of stress factors at the dump sites and enable 
determine various types of autochtonous plants: from metallotolerant to hyperaccumulators. These 
features could be utilized for selection of species for fytoremediation. The results of the cementation 
process for Cu, Sb, As, Cd, Zn on the iron surface give possibility to install Fe0-barrier for elimination of 
heavy metals from the groundwater and drainage water.  Podlipa and Reiner dump-fields 
self-  Great part of the heavy metals and contaminants is 
fixed in porous material, Fe-hydooxides and in clay minerals, which show still an important free sorption 
capacity. The possible developing of the dumps in the case of the remediation activities could relieve and 
mobilise the fixed heavy metals and contaminants to the landscape.  
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